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(57) ABSTRACT

A hightning-protection fastener 1s provided that 1s capable of
reliably preventing peeling off of an isulation layer during
the operation of an aircraft and improving the anti-lightning-
strike capability and reliability. There 1s a lightning-protec-
tion fastener that fastens a skin of an aircrait and a structural
member positioned inside the skin, in which an nsulation
layer 1s melt adhered so as to cover one end surface of a head
portion and also to mechanically engage with a fastener-side
engagement portion (engagement portion) formed on the end
surface.
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1
LIGHTNING-PROTECTION FASTENER

TECHNICAL FIELD

The present invention relates to a fastener, a lightning-
protection type fastener in particular, used when employing,
conductive plastic material (for example, CFRP (carbon-fiber
reinforced plastic)) as the skin of an aircraft.

BACKGROUND ART

A conventionally known fastener used when employing
conductive plastic material as the skin of an aircraft has one
end surface of a head portion covered with an msulating cap

(for example, refer to Patent Document 1).
Patent Document 1: U.S. Pat. No. 4,630,168, Specification

SUMMARY OF INVENTION

However, the fastener disclosed in the aforementioned
document has a problem 1n that the insulating cap can peel off
(fall off) from the fastener head portion during operation of
the aircratt.

The present invention has been concerved 1n the light of
above-described situation, and an object thereot 1s to provide
a lightning-protection fastener that 1s capable of reliably pre-
venting peeling off of an insulating cap during operation of an
aircrait and that 1s capable of improving the anti-lightning-
strike capability of the fastener and the reliability thereof.

In order to solve the above-described problems, the present
invention adopts the following solutions.

A lightning-protection fastener according to a first aspect
of the present invention 1s a lightmng-protection fastener that
fastens a skin of an aircraft and a structural member posi-
tioned inside the skin, wherein an insulation layer 1s melt
adhered so as to cover one end surface of a head portion and
also 1s mechanically engaged with an engagement portion
tormed on the end surface.

With the lightming-protection fastener according to the first
aspect, 1t 1s possible to reliably prevent peeling off (coming
oll) of the nsulation layer 5 from the head portion 3 during
operation of an aircrait and to continuously maintain the
lightning-protection fastener 1 i1n a favorable condition,
because, for example, as shown 1 FIGS. 1 and 2, the 1nsula-
tion layer 1s melt adhered (attached) to a fastener-side engage-
ment portion of the head portion and the outer surface of the
fastener-side engagement portion 7 and the inner surface of
an insulation-layer-side engagement portion 8 are in close
contact over the entirety thereof; and also because a convex
portion 7a of the fastener-side engagement portion 7 and a
concave portion 8a of the msulation-layer-side engagement
portion 8, shown in FIGS. 1 and 2, are mechanically (geo-
metrically) engaged with each other and a concave portion 75
of the fastener-side engagement portion 7 and a convex por-
tion 85 of the insulation-layer-side engagement portion 8 are
also mechanmically (geometrically) engaged with each other,
thereby bringing about a state in which the insulation layer 5
and the head portion 3 are mechamically secured (fixed).

In the above-described lightning-protection fastener, 1t 1s
even more prelferable that the msulation layer be formed by
insert molding.

In such a lightning-protection fastener, for example, the
insulation layer, formed of thermoplastic plastic or thermo-
setting plastic, 1s melt adhered (attached) to the fastener-side
engagement portion of the head portion by insert molding (for
example, injection molding, compression molding, and so

torth), the outer surface of the fastener-side engagement por-
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tion 7 and the inner surface of the insulation-layer-side
engagement portion 8 are, as shown in FIGS. 1 and 2, in close
contact over the entirety thereotf, and also the insulation layer
5 1s firmly (reliably) fixed to the head portion 3 by the adhe-
stve Torce of the msulation layer 5 itself; therefore, it 1s pos-
sible to more reliably fix (attach) the insulation layer 3 to the
head portion 3 and to further improve the reliability of the
lightning-protection fastener 1.

In addition, with such a lightning-protection fastener,
because the 1nsulation layer formed of, for example, thermo-
plastic plastic or thermosetting plastic 1s attached to the fas-
tener-side engagement portion of the head portion by insert
molding (for example, injection molding, compression mold-
ing and so forth), it 1s possible to realize mass production,
thereby making it possible to reduce the manufacturing cost.

In the above-described lightning-protection fastener, 1t 1s
even more preferable that a circumierential edge portion of
the engagement portion have a round shape along a circum-
terential direction.

With a conventional flush head fastener, a circumiferential
edge portion of a flush head 1s processed like a sharp knife,
and lightning usually selectively strikes the fastener because
the electric field concentrates on the circumierential edge
portion of the flush head causing a streamer during the pre-
cursor phase before a lightning strike. With such a lightning-
protection fastener, however, because the circumierential
edge portion of the fastener-side engagement portion formed
on the head portion 1s formed so that the shape thereof 1n
cross-sectional view 1s, for example, round, as shown 1n
FIGS. 1 and 2 (for example, it 1s processed so as to have a
radius (R) of about 0.1 mm to 0.3 mm), 1t 1s possible to prevent
clectric field concentration during the precursor phase imme-
diately before a lightning strike, and thus a lightming strike on
the lightning-protection fastener can be prevented, 1n addition
to the anti-lightning-strike capability of the 1nsulation layer.

In the above-described lightning-protection fastener, it 1s
even more preferable that the insulation layer be formed so as
to surround the circumierential edge portion of the engage-
ment portion.

With such a lightning-protection fastener, a lightning strike
on the lightning-strike protection fastener can be more reli-
ably prevented because the top surface of the fastener-side
engagement portion (that 1s, the top surface of the fastener
head portion) and the outer circumierential surface of the
fastener-side engagement portion are covered with the 1nsu-
lation layer.

In the above-described lightning-protection fastener, it 1s
even more preferable that pre-processing for forming fine
surface roughness be applied to at least a part of the surface of
the engagement portion.

With such a lightning-protection fastener, 1t 1s possible to
more reliably prevent peeling off (coming oif) of the 1nsula-
tion layer from the head portion during operation of the air-
craft and to continuously maintain the lightning-protection
fastener 1n a favorable condition, because the contact proper-
ties between the surface of engagement portion and the 1nsu-
lation layer are further improved.

In the above-described lightning-protection fastener, 1t 1s
even more preferable that the msulation layer be formed of
material having superior contact properties with the surface
of the engagement portion (for example, polyether-sulione)
(PES), thermosetting polyimide, etc.).

With such a lightning-protection fastener, 1t 1s possible to
more reliably prevent peeling off (coming oif) of the 1nsula-
tion layer from the head portion during the operation of the
aircraft and to continuously maintain the lightming-protection
fastener in a favorable condition, because the contact proper-
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ties between the surface of engagement portion and the 1nsu-
lation layer are improved even further.

In the above-described lightning-protection fastener, 1t 1s
preferable that the insulation layer have a first layer that
covers the surface of the engagement portion and at least one
layer that 1s a layer covering the first layer, for example, the
first layer 1s formed by coating whereas the second layer 1s
formed by insert molding or the first layer and the second
layer are formed by two-step insert molding; i1t 1s even more
preferable that the material for the first layer be one having
superior contact properties with the surface of the engage-
ment portion (for example, polyether-sulfone (PES), thermo-
setting polyimide, etc.).

With such a lightning-protection fastener, 1t 1s possible to
more reliably prevent peeling off (coming off) of the nsula-
tion layer from the head portion during the operation of the
aircraft and to continuously maintain the lightmng-protection
fastener 1n a favorable condition, because the contact proper-
ties between the surface of engagement portion and the 1mnsu-
lation layer are improved even further.

A lightning-protection fastener according to a second
aspect of the present invention 1s a lightning-protection fas-
tener that fastens a skin of an aircraft and a structural member
positioned inside the skin, wherein a circumierential edge
portion of an engagement portion formed on one end surface
of a head portion has a round shape along a circumfierential
direction.

With the lightning-protection fastener according to the sec-
ond aspect, 1t 1s possible to reliably prevent peeling off (com-
ing ofl) of the insulation layer 5 from the head portion 3
during the operation of an aircraft and to continuously main-
tain the lightning-protection fastener 1 1n a favorable condi-
tion because, for example, the convex portion 7a of the fas-
tener-side engagement portion 7 and the concave portion 8a
of the insulation-layer-side engagement portion 8, shown 1n
FIGS. 1 and 2, are mechanically engaged with each other, and
the concave portion 75 of the fastener-side engagement por-
tion 7 and the convex portion 85 of the insulation-layer-side
engagement portion 8 are also mechanically engaged with
cach other, thereby bringing about a state 1n which the insu-
lation layer 5 and the head portion 3 are secured (fixed).

An aircraft assembly according to a third aspect of the
present invention 1s an aircrait assembly having a skin con-
stituted of conductive plastic material as a main element, a
structural member that supports the skin from inside, and a
fastener that fastens the skin and the structural member, 1n
which any of the above-described lightning-protection fas-
teners 1s provided as the fastener.

With the aircrait assembly according to the third aspect of
the present invention, because the lightning strike current
attempting to tlow toward the fastener main body 1s blocked
(reduced) by the isulation layer, sparks that occur at a fas-
tener attachment portion due to the lightning strike current
can be prevented.

In addition, because the lightning strike current attempting,
to flow toward the fastener main body 1s blocked (reduced) by
the 1nsulation laver, 1t 1s possible to entirely remove a DI
(Dielectric Insulator: 1insulating plate), conventionally
needed to prevent sparks between the structural member and
the collar, as well as an mnsulating rubber cap attached so as to
cover the tip portion of the male screw portion of the fastener
and the entire collar (attached to prevent secondary discharge
from the collar); therefore 1t 1s possible to significantly reduce
the weight of the aircratt.

In the aircraft assembly described above, 1t 1s preferable
that a gap between the lightning-protection fastener and the
skin be filled with sealing material.
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With such an aircraft assembly, 1t 1s possible to suppress the
occurrence ol a streamer, which 1s the precursor phase of a
lightning strike, that occurs 1n the surrounding portion of the
fastener flush head on which lightning strikes at a particularly
high frequency due to the electric field concentration caused
by the sharp edge; therefore, it 1s possible to suppress light-
ning strikes on the lightning-protection fastener.

In the aircrait assembly described above, 1t 1s preferable
that the 1nsulation layer be formed so as to enable formation
of a gap between a hole bored through the skin and a surface
of the msulation layer that opposes the hole.

With such an aircraft assembly, when the lightning-protec-
tion fastener 1s 1mserted into the hole formed on the skin and
1s attached thereto, 1t 1s possible to prevent the surface of the
insulating layer (for example, the conical base surface when a
taper 1s formed, as shown 1n FIGS. 1 and 2) from being
pressed against the surface of the hole opposite thereto; there-
fore, 1t 15 possible to prevent damage (cracks) to the mnsulating
layer.

In the aircrait assembly described above, 1t 1s preferable
that a top surface of the msulation layer and a surface of the
skin be processed to be tlush with each other.

With such an aircrait assembly, if the insulation layer pro-
trudes outward with respect to the surtace of the skin when the
lightning-protection fastener is inserted into the hole formed
on the skin and 1s attached thereto, the surface of the insula-
tion layer 1s removed so that the top surface of the insulation
layer and the surface ofthe skin become flush with each other.
Alternatively, the insulation layer 1s formed with a slightly
greater thickness (for example, the necessary dimension+0.1
mm) 1n advance and 1s processed aiter assembly to make 1t
flush with the skin surface. Thus, aerodynamic performance
can be improved, and the fuel consumption can be reduced.

The lightning-protection fastener according to the present
invention aiffords an advantage in that peeling off during

operation of an aircraft can be reliably prevented and that
reliability can be improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross-sectional view ol an aircrait assembly
showing a state 1n which a skin and a structural member are
fastened by a lightning-protection fastener according to a first
embodiment of the present invention.

FIG. 2 15 a front elevation of the lightning-protection fas-
tener according to the first embodiment of the present inven-
tion.

FIG. 3A 1s a front elevation of a lightning-protection fas-
tener according to a second embodiment of the present inven-
tion.

FIG. 3B 1s a cross-sectional view of FIG. 3A taken along
arrows 11I-111.

FIG. 4A 1s a front elevation of a lightning-protection fas-
tener according to a third embodiment of the present inven-
tion.

FIG. 4B 1s a cross-sectional view of FIG. 4A taken along
arrows [V-1V.

FIG. 515 a plan view of a metal cast mold for insert molding
used for manufacturing the lightning-protection fastener
according to the present mvention.

FIG. 6 A 1s an explanatory diagram for explaining a manu-
facturing method of the lightning-protection fastener accord-
ing to the present mvention.

FIG. 6B 1s an explanatory diagram for explaining the
manufacturing method of the lightming-protection fastener
according to the present mvention.
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FIG. 6C 1s an explanatory diagram for explaining the
manufacturing method of the lightning-protection fastener
according to the present invention.

FIG. 7 A 1s an explanatory diagram for explaining an instal-
lation method when the lightning-protection fastener accord-
ing to the present invention 1s used to fasten a skin of an
aircralt and a structural member.

FIG. 7B 1s an explanatory diagram for explaining the
installation method when the lightning-protection fastener
according to the present invention 1s used to fasten the skin of
the aircrait and the structural member.

FIG. 7C 1s an explanatory diagram for explaining the
installation method when the lightning-protection fastener
according to the present invention 1s used to fasten the skin of
the aircraft and the structural member.

FIG. 7D 1s an explanatory diagram for explaiming the
installation method when the lightning-protection fastener
according to the present invention 1s used to fasten the skin of
the aircraft and the structural member.

FIG. 8 1s a longitudinal-sectional view showing another
embodiment of an aircraft assembly to which the lightning-
protection fastener according to the present mnvention can be
applied.

FIG. 9 1s a cross-sectional view of an aircraft assembly
showing a state 1n which a skin and a structural member are
fastened by a lightning-protection fastener according to
another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A first embodiment of a lightning-protection fastener (Fas-
tener) according to the present mnvention will be described
below, referring to FIGS. 1 and 2.

As shown 1n FIGS. 1 and 2, a lightning-protection fastener
(a fastener of the lightning-protection type) 1 according to
this embodiment 1s constituted mainly of a cylindrical rod-
shaped shaftportion (Shank) 2, a fastener main body 4 having
a substantially truncated-cone shaped head portion (Flush
Head) 3 that 1s provided at one end of the shaft portion 2 and
whose diameter increases with increasing distance from the
shaft portion 2, an 1nsulation layer 5 disposed so as to cover
one end portion (the top portion located on the top side 1n
FIGS. 1 and 2) of the head portion 3, and a conductive layer
6 disposed so as to cover one end surface (the end surface on
the top side in FIGS. 1 and 2) of the insulation layer 3.

The fastener main body 4 1s formed integrally of the shaft
portion 2 and the head portion 3 and 1s manufactured using,
for example, alloys such as titamium alloy (Ti1-6Al-4V:
annealed material) and Inconel.

A male screw portion 2a that 1s threaded to a female screw

portion of a collar (nut), described later, 1s provided (formed)
on the other end portion (the end portion on the bottom side 1n
FIGS. 1 and 2) of the shaft portion 2.

A fastener-side engagement portion (engagement portion)
7, to which the insulation layer 5 1s secured, 1s provided
(formed) on one end portion (top portion) of the head portion
3. The fastener-side engagement portion 7 1s located on the
opposite side from the shaft portion 2 (the top side 1n FIGS. 1
and 2) and 1s provided with a convex portion 7a that protrudes
(increases in diameter) radially outward around the circum-
terential direction and a concave portion 76 that connects
(joins) the shatt portion 2 and the convex portion 7a and that
1s depressed (dented) radially inward around the circumier-
ential direction. The convex portion 7a and the concave por-
tion 7b are respectively formed so that the shapes thereof in a
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6

cross-sectional view are round, as shown 1n FIGS. 1 and 2 (for
example, they are processed so as to have a radius (R) of about
0.1 mm to 0.3 mm).

Note that the diameter at one end surface of the head
portion 3 1s, for example, about 6 mm.

The insulation layer 3 1s a disk-like member manufactured

using, for example, thermoplastic plastic (for example, poly-
cther-imide (PEI) having heat resistance and strength and,
additionally, a high dielectric breakdown voltage, polyether-
cther-ketone (PEEK) having superior heat resistance and
strength and, additionally, superior formability and versatil-
ity, polyphenylsulfide (PPS) having heat resistance and
strength and, additionally, superior formability and versatil-
ity, and polyamide-imide (PAI) having particularly superior
heat resistance and strength); or thermosetting plastic (for
example, polyimide (PI) having particularly superior heat
resistance and strength). An isulation-layer-side engage-
ment portion 8, which 1s secured to the fastener-side engage-
ment portion 7, 1s provided (formed) on a circumierential
edge portion (the end portion on the bottom side 1n FIGS. 1
and 2) of the imsulation layer 5. The insulation-layer-side
engagement portion 8 1s provided with a concave portion 8a
that 1s depressed (dented) radially inward around the circum-
terential direction and that couples with the convex portion 7a
of the fastener-side engagement portion 7 and a convex por-
tion 85 that protrudes (increases 1n diameter) radially outward
around the circumiferential direction and that couples with the
concave portion 756 of the fastener-side engagement portion 7.

In addition, the insulation layer 5 1s formed by injection
molding so as to be attached to the fastener-side engagement
portion 7 of the head portion 3. Thus, outer surfaces of the
fastener-side engagement portion 7 (in more detail, a top
surface (tlat surface) of the fastener-side engagement portion
7, a side surface (outer-circumierential surface) of the convex
portion 7a, and a side surface (outer-circumierential surface)
of the concave portion 75) and 1nner surfaces of the 1nsula-
tion-layer-side engagement portion 8 (1n more detail, a bot-
tom surface (the flat surface located on the bottom side in
FIGS. 1 and 2) of the insulation-layer-side engagement por-
tion 8, a side surface (1inner-circumierential surface) of the
concave portion 8a, and a side surface (inner-circumierential
surface) of the convex portion 85) are in close contact over the
entirety thereof; therefore, the insulation layer 5 1s firmly
(reliably) fixed to the head portion 3 by the adhesive force of
the mnsulation layer 5 1tself.

Note that it 1s preferable to make the plate thickness of the
insulation layer 5 (the length between the top surface (the tlat
surface located on the top side mn FIGS. 1 and 2) and the
bottom surface (the tlat surface located on the bottom side in
FIGS. 1 and 2)), for example, about 0.6 mm to 1.0 mm, so as
to provide suificient dielectric strength even against the MIL-
STD-1757A zone 1 lightning-strike test voltage (about 40
kV).

The conductive layer 6 1s, for example, a disk-like member
formed of copper foil, having an outer diameter that 1s sub-
stantially equal in dimension to the outer diameter of the
insulation layer S, and 1s fixed (bonded) to the top surface of
the insulation layer 5 with, for example, adhesive.

Note that the conductive layer 6 1s not an essential element
and can be omitted depending on the required level of reli-
ability.

The thus-manufactured lightning-protection fastener 1 1s
used to, for example, fasten a skin 10 of an aircrait and a
structural member (for example, a rib, a stringer, and so forth)
11, as shown in FIG. 1. Note that the skin 10 and the structural
member 11 are fastened by the lightning-protection fastener
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1, thereby forming an aircraft assembly (for example, a main
wing assembly, a taill wing assembly, a fuselage assembly,
and so forth) A.

The skin 10 1s made mainly of plastic material (for
example, CFRP (carbon-fiber reinforced plastic), referred to
as “CFRP” hereafter) 12 having conductivity (conductivity of
about Y100 to Yiocoo that of aluminum), whose entire front
surface (the surface located on the outside after assembly) and
entire back surface (the surface located inside after assembly)
are laminated with plastic materials having an insulating
property (for example, GFRP (glass-fiber cured plastic),
referred to as “GFRP” hereatter) 13 and 14.

Additionally, the front surface (the surface located on the
outside after assembly) of the GFRP 13, located on the front
surface side of the CFRP 12, 1s laminated with a mesh-like (or
plate-like) member (for example, copper, referred to as “con-
ductive mesh” or “conductive member” hereafter) 15 the
entirety of which 1s conductive.

The structural member 11 1s made of, for example, alumi-
num alloy, titanium material, or CFRP (carbon-fiber rein-
torced plastic) and 1s disposed at a predetermined location on
the back surface (the surface located on the inside after
assembly) of the GFRP 14.

Concave sites (holes) 16 that penetrate the skin 10 and the
structure member 11 1n a plate-thickness direction and that
are capable of recerving the lightning-protection fastener 1
are bored through at predetermined locations of a structure
having the structural member 11 disposed on the back surtace
of the GFRP 14. Then, the lightning-protection fastener 1 1s
accommodated 1n each concave site 16, and a collar (nut) 17
manufactured using, for example, alloys such as titanium
alloy and Inconel, 1s fastened to the male screw portion 2a
protruding inward from the back surface of the structural
member 11.

Note that, in FIG. 1, reference numeral 18 is a sealing
material (for example, polysulfide polymer of specification
AMS 3281, made by PRC-Desoto, 1tem number PR1776M
B2) that fills a gap between the lightning-protection fastener
1 and the concave site 16, and the reference numeral 19 1s
aluminum tape fixed with adhesive (bonded) on the surface
(in more detail, the surface of the conductive layer 6) of the
lightning-protection fastener 1 and the surface of the conduc-
tive mesh 15.

In addition, the aluminum tape 19 1s not an essential ele-
ment and can be omitted depending on the required level of
reliability.

With the lightming-protection fastener 1 according to this
embodiment, the convex portion 7a of the fastener-side
engagement portion 7 and the concave portion 8a of the
insulation-layer-side engagement portion 8 mechamcally
engage with each other, and the concave portion 75 of the
fastener-side engagement portion 7 and the convex portion 856
of the msulation-layer-side engagement portion 8 mechani-
cally engage with each other, thereby bringing about a state in
which the mnsulation layer 5 1s mechanically secured (fixed) to
the head portion 3. Therefore, 1t 1s possible to reliably prevent
the insulation layer 5 from peeling oif (coming oil) from the
head portion 3 during operation of the aircraft and to continu-
ously maintain the lightmng-protection fastener 1 1n a favor-
able condition.

Additionally, with the lightning-protection fastener 1
according to this embodiment, the insulation layer 5 formed
of thermoplastic plastic or thermosetting plastic 1s attached to
the fastener-side engagement portion 7 of the head portion 3
by 1njection molding, the outer surface of the fastener-side
engagement portion 7 and the inner surface of the insulation-
layer-side engagement portion 8 are 1n close contact over the
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entirety thereof, and the insulation layer 3 1s firmly (reliably)
fixed to the head portion 3 by the adhesive force of the 1nsu-
lation layer 5 1tself. Therelore, it 1s possible to reliably fix
(attach) the msulation layer 5 to the head portion 3 and to
turther improve the reliability of the lightning-protection fas-
tener 1.

Further, with the lightming-protection fastener 1 according,
to this embodiment, the convex portion 7a 1s formed so that
the shape thereof 1n a cross-sectional view 1s round, as shown

in FIGS. 1 and 2 (for example, 1t 1s processed so as to have a
radius (R) of about 0.1 mm to 0.3 mm). Therefore, it 1s
possible to prevent a lightning strike on the lightning-protec-
tion fastener 1 by alleviating electric field concentration
thereon before a lightning strike, thus improving the lightning
protection performance.

Furthermore, with the lightning-protection fastener 1
according to this embodiment, because the insulation layer 5
formed of thermoplastic plastic or thermosetting plastic 1s
attached to the fastener-side engagement portion 7 of the head
portion 3 by injection molding, 1t 1s possible to realize mass
production, thereby making 1t possible to reduce the manu-
facturing cost.

Additionally, because the insulation layer 3 1s disposed
between the conductive layer 6 and the fastener main body 4,
even 1f lightning directly strikes the conductive layer 6, 1t 1s
possible to block (reduce) lightning strike current attempting
to flow from the conductive layer 6 to the fastener main body
4.

Further, when the lightning-protection fastener 1 accord-
ing to this embodiment 1s used to, for example, fasten the skin
10 of the aircrait and the structural member (for example, a
rib, a stringer, and so forth) 11, as shown 1 FIG. 1, because
the lightning strike current attempting to flow from the con-
ductive layer 6 to the fastener main body 4 1s blocked (re-
duced) by the insulation layer 5, the injection of the lightning
strike current into the CFRP 12 can be prevented; therefore, it
1s possible to prevent the CFRP 12 from being damaged by the
lightning strike current.

Additionally, when the lightning-protection fastener 1
according to this embodiment 1s used to, for example, fasten
the skin 10 of the aircraft and the structural member (for
example, a rib, a stringer, and so forth) 11, as shown 1n FIG.
1, because the lightning strike current 1s prevented from flow-
ing (made difficult to flow) toward the fastener main body 4,
it 1s possible to entirely remove a DI (Dielectric Insulator),
conventionally needed to prevent sparks between the struc-
ture 11 and the collar 17, as well as an 1nsulating rubber cap
attached so as to cover the tip portion of the male screw
portion 2a and the entire collar 17 (attached to prevent sec-
ondary discharge from the collar 17); therefore, 1t 1s possible
to significantly reduce the weight of the aircraft.

Note that when the lightning-protection fastener 1 accord-
ing to this embodiment 1s used to, for example, fasten the skin
10 of the aircraft and the structural member 11, as shown 1n
FIG. 1, it 1s more preferable that the insulation layer 5 be
formed so that a gap 39 can be formed between a tapered
surface of the insulation layer 5 (a surface opposing a tapered
surface of the concave site 16) and the concave site 16 bored
through the skin 10 (1n more detail, a tapered surface of the
concave site 16).

Accordingly, when the lightning-protection fastener 1 is
inserted into the concave site 16 formed on the skin 10 and 1s
attached thereto, 1t 1s possible to prevent the tapered surface of
the insulation layer 5 from being pressed against the surface
(tapered surface) of the concave site 16, and therefore, it 1s
possible to prevent damage (cracks) to the insulation layer.
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A second embodiment of a lightning-protection fastener
according to the present invention will now be described
using FIGS. 3A and 3B.

A lightning-protection fastener 21 according to this
embodiment differs from that in the first embodiment
described above in that engagement portions 22 and 23 are
prowc led instead of the engagement portions 7 and 8
described above. Because other components are the same as
those 1n the first embodiment described above, descriptions of
those components are omitted herein.

Note that the identical reference numerals are given to the
members 1dentical to those of the first embodiment described
above.

Fastener-side engagement portions (engagement portions)
22, to which the msulation layer 5 1s secured, are provided
(formed) on one end portion (top portion) of the head portion
3. The fastener-side engagement portions 22 are a plurality
(e1ght 1n this embodiment) of through-holes penetrating 1n the
plate-thickness direction and are disposed along the circum-
terential edge portion of the head portion 3. In addition, as
shown 1n FIGS. 3A and 3B, each through-hole extends radi-
ally from the top surface (the flat surface located on the top
side in F1G. 3A) of the head portion 3 toward the shaft portion
2 side, that 1s, so that opening ends located on the top surface
of the head portion 3 are located radially inward of opening
ends located on the side surface of the head portion 3.

As for the circumierential edge portion of the fastener head
portion, 1t 1s more preferable that 1t be formed so that the
shape thereotf 1n cross-sectional view 1s round (processed so
as to have a radius (R)).

Insulation-layer-side engagement portions 23, which are
secured to the fastener-side engagement portions 22, are pro-
vided (formed) on the bottom surface (the tlat surface located
on the bottom side in FIG. 3A) of the msulation layer 5. The
insulation-layer-side engagement portions 23 are a plurality
(e1ght 1n this embodiment) of circular rod-like protrusions
(convex portions) that couple to the fastener-side engagement
portions 22 and are disposed around the circumierential edge
portion. Note that, because the insulation layer 5 1s attached to
the head portion 3 by injection molding, the insulation-layer-
side engagement portions 23 are molded (formed) at the time
of the mjection molding so as to enter the fastener-side
engagement portions 22. Then, by having the insulation layer
5 attached to the head portion 3 by injection molding, the
surface of the msulation layer 5 (1in more detail, the bottom
surface of the insulation layer 5 and the outer circumierential
surface of the msulation-layer-side engagement portions 23)
and the surface of the head portion 3 (111 more detail, the top
surface of the head portion 3 and the inner cucumferentlal
surface of the fastener-side engagement portions 22) are 1n
close contact over the entirety thereof; therefore, the mnsula-
tion layer 5 1s firmly (reliably) fixed to the head portion 3 by
the adhesive force of the insulation layer 5 1tself.

With the lightning-protection fastener 21 according to this
embodiment, the fastener-side engagement portions 22 and
the msulation-layer-side engagement portions 23 mechani-
cally engage with each other, thereby bringing about a state in
which the mnsulation layer 5 1s mechanically secured (fixed) to
the head portion 3. Therefore, 1t 1s possible to reliably prevent
the mnsulation layer 5 from peeling off (coming ofl) from the
head portion 3 during operation of the aircraft and to continu-
ously maintain the lightning-protection fastener 21 1n a favor-
able condition.

Additionally, 1n the lightning-protection fastener 21
according to this embodiment, the insulation layer 5 formed
of thermoplastic plastic or thermosetting plastic 1s attached to
the head portion 3 by mjection molding, the surface of the
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insulation layer 5 and the surface of the head portion 3 are 1n
close contact over the entirety thereof, and the insulation
layer 5 1s firmly (reliably) fixed to the head portion 3 by the
adhesive force of the insulation layer 5 1itself. Therefore, 1t 1s
possible to reliably fix (attach) the insulation layer 5 to the
head portion 3 and to further improve the reliability of the
lightning-protection fastener 21.

Furthermore, with the lightning-protection fastener 21
according to this embodiment, because the insulation layer 5
formed of thermoplastic plastic or thermosetting plastic 1s
attached to the head portion 3 by injection molding, it 1s
possible to realize mass production, thereby making 1t pos-
sible to reduce the manufacturing cost.

Additionally, because the insulation layer 5 1s disposed
between the conductive layer 6 and the fastener main body 4,
even 1f lightning directly strikes the conductive layer 6, 1t 1s
possible to block (reduce) lightning strike current attempting
to flow from the conductive layer 6 to the fastener main body
4.

Further, when the lightning-protection fastener 21 accord-
ing to this embodiment 1s used to, for example, fasten the skin
10 of the aircrait and the structural member (for example, a
rib, a stringer, and so forth) 11, as shown 1n FIG. 1, because
the lightning strike current attempting to flow from the con-
ductive layer 6 to the fastener main body 4 1s blocked (re-
duced) by the 1nsulation layer 5, the injection of the lightning
strike current into the CFRP 12 can be prevented.

Additionally, when the lightming-protection fastener 21
according to this embodiment 1s used to, for example, fasten
the skin 10 of the aircrait and the structural member (for
example, a rib, a stringer, and so forth) 11, as shown 1n FIG.
1, because the lightning strike current 1s prevented from flow-
ing (made difficult to flow) toward the fastener main body 4,
it 1s possible to entirely remove a DI (Dielectric Insulator),
conventionally needed to prevent sparks between the struc-
ture 11 and the collar 17, as well as an 1nsulating rubber cap
attached so as to cover the tip portion of the male screw
portion 2a and the entire collar 17 (attached to prevent sec-
ondary discharge from the collar 17); therefore, 1t 1s possible
to significantly reduce the weight of the aircraft.

A third embodiment of a lightning-protection fastener
according to the present invention will now be described
using FIGS. 4A to 6C.

The lightming-protection fastener 31 according to this
embodiment differs from those of the embodiments described
above 1n that engagement portions 32 and 33 are provided
instead of the engagement portions 7, 8, 22, and 23 described
above. Because other components are the same as those 1n the
embodiments described above, descriptions of those compo-
nents are omitted herein.

Note that the 1dentical reference numerals are given to the
members i1dentical to those of the embodiments described
above.

A Tastener-side engagement portion (engagement portion)
32, to which the insulation layer 5 1s secured, 1s provided
(formed) on the top surface of the head portion 3. The fas-
tener-side engagement portion 32 1s provided with a first
convex portion 34 having a circular shape 1n plan view and
positioned in the central portion thereof and a second convex
portion 35 having a circular shape 1n plan view and positioned
in the circumierential edge portion. The heights of the first
convex portion 34 and the second convex portion 35 (the
lengths 1n the vertical direction 1n FIG. 4A) are set from 0.2
mm to 0.4 mm; dovetails 36 are formed, respectively, on side
surfaces (outer circumierential surfaces) of the first convex
portion 34 and the second convex portion 35. In addition, 1t 1s
more preferable that circumierential edge portions of the first
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convex portion 34 and the second convex portion 335 and the
circumierential edge portion of the fastener head portion 3 be
respectively formed so that the shapes thereol 1n cross-sec-
tional view are round (processed so as to have a radius (R)).

An 1nsulation-layer-side engagement portion 33, which 1s
secured to the fastener-side engagement portion 32, is pro-
vided (formed) on the bottom surface of the insulation layer 5
(the flat surface positioned on the bottom side in FIG. 4A).
The msulation-layer-side engagement portion 33 1s provided
with a first concave portion 37 that 1s disposed 1n the center
thereol and couples to the first convex portion 34 and a second
concave portion 38 that 1s disposed along the circumierential
edge portion thereof and couples to the second convex portion
35. Note that because the insulation layer 3 1s attached to the
head portion 3 by injection molding, the insulation layer 5 1s
molded (formed) at the time of 1njection molding so as to
enter the dovetails 36 without a gap. Then, by having the
insulation layer 5 attached to the head portion 3 by 1njection
molding, outer surfaces of the fastener-side engagement por-
tion 32 (1n more detail, the top surface of the first convex
portion 34, the side surface of the first convex portion 34, the
top surface of the second convex portion 35, and the side
surface of the second convex portion 35) and inner surfaces of
the insulation-layer-side engagement portion 33 (1in more
detail, the bottom surface of the first concave portion 37, the
inner circumierential surface of the first concave portion 37,
the bottom surface of the second concave portion 38, and the
inner circumierential surface of the second concave portion
38) are 1n close contact over the entirety thereof; therefore, the
insulation layer 5 1s firmly (reliably) fixed to the head portion
3 by the adhesive force of the msulation layer 5 itself.

With the lightning-protection fastener 31 according to this
embodiment, the fastener-side engagement portion 32 and the
insulation-layer-side engagement portion 33 mechamcally
engage with each other, thereby bringing about a state 1n
which the insulation layer 5 1s mechanically secured (fixed) to
the head portion 3. Therefore, 1t 1s possible to reliably prevent
the mnsulation layer 5 from peeling off (coming ofl) from the
head portion 3 during operation of the aircraft and to continu-
ously maintain the lightning-protection fastener 31 in a favor-
able condition.

Additionally, with the lightning-protection fastener 31
according to this embodiment, the insulation layer 5 formed
of thermoplastic plastic or thermosetting plastic 1s attached to
the head portion 3 by injection molding, the surfaces of the
insulation layer 5 and the surface of the head portion 3 are 1n
close contact over the entirety thereof, and the insulation
layer 35 1s firmly (reliably) fixed to the head portion 3 by the
adhesive force of the mnsulation layer 3 1itself; therefore, it 1s
possible to reliably fix (attach) the insulation layer 5 to the
head portion 3 and to further improve the reliability of the
lightning-protection fastener 31.

Furthermore, with the lightning-protection fastener 31
according to this embodiment, because the msulation layer 5
formed of thermoplastic plastic or thermosetting plastic 1s
attached to the head portion 3 by injection molding, 1t 1s
possible to realize mass production, thereby making 1t pos-
sible to reduce the manufacturing cost.

Additionally, because the insulation layer 5 1s disposed
between the conductive layer 6 and the fastener main body 4,
even 1f lightning directly strikes the conductive layer 6, 1t 1s
possible to block (reduce) lightming strike current attempting,
to flow from the conductive layer 6 to the fastener main body
4.

Further, when the lightning-protection fastener 31 accord-
ing to this embodiment 1s used to, for example, fasten the skin
10 of the aircrait and the structural member (for example, a
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rib, a stringer, and so forth) 11, as shown 1n FIG. 1, because
the lightning strike current attempting to flow from the con-
ductive layer 6 to the fastener main body 4 1s blocked (re-
duced) by the insulation layer 5, the introduction of the light-
ning strike current into the CFRP 12 can be prevented.

Additionally, when the lightming-protection fastener 31
according to this embodiment 1s used to, for example, fasten
the skin 10 of the aircraft and the structural member (for
example, a rib, a stringer, and so forth) 11, as shown 1n FIG.
1, because the lightning strike current 1s prevented from flow-
ing (made difficult to flow) toward the fastener main body 4,
it 1s possible to entirely remove a DI (Dielectric Insulator),
conventionally needed to prevent sparks between the struc-
ture 11 and the collar 17, as well as an 1nsulating rubber cap
attached so as to cover the tip portion of the male screw
portion 2a and the entire collar 17 (attached to prevent sec-
ondary discharge from the collar 17); therefore, 1t 1s possible
to significantly reduce the weight of the aircraft.

Next, one example of a manufacturing method of the
above-described lightning-protection fasteners 1, 21, and 31
will be described using FIG. 5 and FIGS. 6A to 6C.

Note that FIGS. 6 A to 6C are explanatory diagrams based
on the shape of the lightning-protection fastener 1, and they
are similarly applicable to the lightning-protection fasteners
21 and 31.

(1) The fastener main body 4 in which the male screw
portion 2a 1s provided on the other end portion of the shaft
portion 2 1s prepared, and the fastener-side engagement por-
tion 7, i the case of the lightning-protection fastener 1, a
plurality of the fastener-side engagement portions 22, in the
case of the lightning-protection fastener 21, and the fastener-
side engagement portion 32, in the case of the lightning-
protection fastener 31 are processed on the head portion 3.

(2) Next, the lightning-protection fastener 1 having the
insulation layer 5 1s molded using a vertical injection molding
machine (not shown) with a mold clamping force of 30 tons
and amold 41 for insert molding with a production quantity of
four pieces (see FI1G. 5). Thermoplastic polyimide (referred to
as “plastic’ hereafter) 1s used as the material for the insulation
layer 5, and the cylinder temperature 1s set to 380° C. In
addition, the mold temperature 1s adjusted to 180° C. by a
cartridge heater 45 (see FI1G. 5) built into the mold.

(3) The mold 41 1s attached to a platen of the 1njection
machine 1n advance, and a lid member 415 of the mold 41 1s
opened (see FIG. 6A). The fastener main body 4 with the
processed head portion 3 is inserted into the hole portion 44,
formed 1n the main body 41a of the mold 41, that receives the
lightning-protection fastener. If the fastener main body 4 1s
preheated to the mold temperature or a temperature in the
vicinity thereof at this time, superior contact properties
between the plastic and the fastener main body 4, as well as
good fluidity of the plastic, are obtained.

(4) The 11d member 415 of the mold 1s closed (see FIG. 6b),
a predetermined mold clamping force 1s applied, and then
injection filling of plastic 1s carried out from a plastic 1njec-
tion point (gate) 43a provided near the head portion 3, thus
forming the insulation layer 5 on the head portion 3. The
injection point 43a 1s pin-gate shaped and 1s located near the
center of the head portion 3. By providing the plastic injection
point 43a perpendicular to the plane of the head portion 3, the
fastener main body 4 1s pressed against the main body 41a of
the mold 41 by plastic pressure generated with injection fill-
ing ol plastic. Accordingly, the gap between the inclined
surface of the head portion 3 and the corresponding inclined
surface of the main body 41a of the mold 41 1s reduced, and
thus the occurrence of burrs 1s prevented.
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(5) After injection 1s completed, holding pressure 1s applied
for a predetermined period to prevent sink mark formation
while cooling for a set amount of time; then the lid member
415 of the mold 1s opened, and the lightning-protection fas-
tener 1 having the msulation layer 5 on the head portion 3 1s
taken out.

(6) The removed lightming-protection fastener 1 1s left to
cool for a set amount of time; then 1f necessary, a gate mark on
the molded product 1s post-processed using a nipper, sandpa-
per, a cutter or the like to complete it. However, the processing,
method for the gate mark 1s not limited to these methods.

In addition, for the purpose of eliminating residual stress at
the time of molding, the lightning-protection fastener 1 hav-
ing the insulating layer 1s subjected to annealing as needed.,
using a heating furnace or the like.

Note that because the plastic pressure generated with 1njec-
tion {illing of plastic 1s high, for example, about 100 MPa, a
void (void) 1s unlikely to occur between the insulation layer 5
and the head portion 3, and thus contact properties between
the msulation layer 5 and the head portion 3 can be improved.

In addition, as pre-processing for the above-described
injection molding, for the purpose of improving contact prop-
erties between the fastener main body 4 and the plastic nsu-
lating layer, pre-processing may be applied to the surface of
the head portion 3 wherein fine surface roughness are formed
on the surface of the head portion 3 by surface processing
such as atmospheric-pressure plasma 1rradiation, etc. As the
pre-processing method, for instance, the following concrete
example can be given.

(1) When irradiating with atmospheric-pressure plasma,
air (oxygen, mitrogen, or gas containing these) 1s used as
source gas, and the processing 1s applied for 20 seconds under
the conditions where flow rate=10 sccm,
pressure=atmospheric pressure, and direct current torch (not
shown) (alternatively, RF torch, microwave torch or vacuum
torch may be used) 1s set to 40 W,

(2) When performing pre-processing for rougheming the
surface of the head portion 3 by blasting the surface of the
head portion 3 with blasting particles, for example, hard
particles such as metal, ceramic, glass, and so forth (such
processing 1s generally known as shot blasting), it 1s carried
out with the following conditions: pressure=400 kPa, grit
used 1s made of alumina with grit #60, 1rradiation time=10
sec/20 pieces, distance between nozzle and specimen=100
mm, surface roughness after fabrication Ra=1.6 um, and cov-
erage=100%.

(3) Anodic oxidation coating 1s applied to the surface of the
head portion 3.

(4) As alternative methods for roughening the surface of
the head portion 3, polishing marks, knurling, and so forth can
be used; chemical etching can also be used.

In addition, priming may be applied to the fastener head
portion 1n order to 1mprove the contact properties ol melt
adhered portions of the fastener head portion and the insula-
tor. For example, by coating the fastener head portion with
polyether-sulfone (PES), the contact properties between the
polyimide and the fastener main body 4 can be improved by
about three fold.

Alternatively, the contact properties between the insulation
layer and the fastener head portion can be improved by mak-
ing the first insulation layer melt adhered to the fastener head
portion using plastic with better contact properties as com-
pared to the insulation layer formed thereon. For example, a
lightning-protection fastener having high contact as well as
high isulation can be made by using an elastomer with high
contact properties as the first insulation layer and by having
polyimide, whose withstand voltage 1s high, molded thereon.
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As a manufacturing method, for example, two-color 1njection
molding of elastomer and polyimide can be used. Using elas-
tic mnsulator, such as elastomer, as the first insulation layer,
not only improves contact properties but can also bring about
an elfect of suppressing failures at the engagement portions
by alleviating stress on the mechanical engagement portions.

Next, an 1nstallation method when the manufactured light-
ning-protection fastener 31 1s used to, for example, fasten the
skin 10 of the aircrait and the structural member (for example,
arib, a stringer, and so forth) 11 will be described using FIGS.
7A to 7D.

Note that FIGS. 7A to 7D are explanatory diagrams based
on the shape of the lightning-protection fastener 31, and they
are similarly applicable to the lightning-protection fasteners 1

and 21.

(1) After the skin 10 of an aircrait and structural member 11
are overlaid, the concave site (hole) 16 1s bored at a predeter-
mined location (see FIG. 7A) using a boring tool (machine)
such as a drill.

(2) The mner surface (inner circumierential surface) of the
concave site 16 1s coated with the sealing material 18 (see
FIG. 7B).

(3) The shaft portion 2 of the lightning-protection fastener
31 1s put (inserted) into the hole 16 coated with the sealing
material 18, and the collar 17 (see FI1G. 1) 1s screwed onto the
male screw portion 2a that protrudes mward (to the back
surface side) from the structural member 11 (see FI1G. 7C).

(4) The aluminum tape 19 1s applied to the surface of the
lightning-protection fastener 31 (1in more detail, the surface of
the conductive layer 6), the surface of the sealing material 18,
and the surface of the conductive mesh 15 (see FIG. 7D).

Note that the present invention 1s not limited to the embodi-
ments described above, and various modifications can be
made without departing from the gist of the present invention.

For example, the conductive layer 6 1s not an essential
clement in the lightning-protection fastener according to the
present invention and can be omitted. That 1s, the surface of
the 1insulation layer 5 and the surface of the conductive mesh
15 can be configured so as to be positioned 1n the same plane
(so as to be flush with each other).

In addition, the lightning-protection fastener according to
the present invention 1s not used only for fastening the struc-
tural member 11 and the skin 10 of the aircraft as shown in
FIG. 1;1tcanalso beused, for example, to fasten the structural
member 11 and a skin 50 of an aircraft as shown 1n FIG. 8.

The skin 50 1s made mainly of plastic material (for
example, CFRP (carbon-fiber reinforced plastic), referred to
as “CFRP” hereafter) 12 having conductivity (conductivity of
about V100 to Viooo that of aluminum), whose entire surface
(the surface located on the outside after assembly) 1s lami-
nated with a conductive member (for example, copper) 51 and
whose entire back surface (the surface located on the mside
alter assembly) 1s laminated with plastic material 14 having
insulating properties (for example, GFRP (glass-fiber cured
plastic), referred to as “GFRP” hereatter).

Additionally, the entire surface of the conductive member
51 located on the front surface side of the CFRP 12 1s lami-
nated with a plastic material 52 having insulating properties
(for example, GFRP (glass-fiber cured plastic)).

The mvention claimed 1s:

1. A lightning-protection fastener that fastens a skin of an
aircraft and a structural member positioned 1nside the skin,
the skin being constituted of conductive plastic material as a
main element and having a conductive member laminated
outside thereot, the lightning-protection fastener comprising:
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a Tastener main body having a head portion, the head por-
tion having an engagement portion formed on an outer
circumierential side surface of the head portion; and

an 1nsulation layer which 1s directly melt adhered to and
covers an axial end surface of the head portion, and
which 1s also directly melt adhered to, mechanically
engaged with and covers the engagement portion formed
on the outer circumierential side surface such that the
insulation layer 1s in direct contact with the axial end
surface of the head portion and the engagement portion,

wherein the engagement portion and the axial end surface
of the head portion covered with the insulation layer are
insulated from the surrounding conductive member,

wherein a circumierential edge portion of the engagement
portion has a convex portion along a circumierential
direction, the convex portion protruding radially out-
ward,

wherein the convex portion has a round shape along the
circumierential direction when seen 1n a longitudinal
section view,

wherein the fastener main body includes a shatt portion on
an opposite side of the head portion with respect to the
convex portion, and wherein the circumierential edge
portion of the engagement portion has a concave portion
along the circumierential direction, the concave portion
being depressed radially inward and connecting the con-
vex portion and the shait portion, the concave portion
being located below the convex portion.

2. The lightning-protection fastener according to claim 1,

wherein the msulation layer 1s formed by nsert molding.

3. The lightning-protection fastener according to claim 1,
wherein the 1sulation layer 1s formed so as to surround the
circumierential edge portion of the engagement portion.

4. The lightning-protection fastener according to claim 1,
wherein pre-processing for forming fine surface roughness 1s
applied to at least a part of a surface of the engagement
portion.

5. The lightning-protection fastener according to claim 1,
wherein the 1msulation layer 1s formed of material having—
adhesion promoting—properties with a surface of the
engagement portion.

6. The lightming-protection fastener according to claim 1,
which 1s used as a fastener that fastens the skin of the aircraft
in which plastic material having an insulating property 1s
laminated between the conductive plastic material and the
conductive member, and the structural member positioned
inside the skin.

7. The lightning-protection fastener according to claim 1,
wherein the insulation layer comprises a first layer that covers
a surface of the engagement portion and a second layer that
covers the first layer, and the first layer 1s formed of material
having—adhesion promoting—properties with the surface of
the engagement portion.

8. The lightning-protection fastener according to claim 7,
wherein the insulation layer 1s formed by insert molding
being performed multiple times.

9. A lightning-protection fastener that fastens a skin of an
aircrait and a structural member positioned inside the skin,
the skin being constituted of plastic material as a main ele-
ment and having a conductive member laminated outside
thereot, the lightning-protection fastener comprising:

a Tastener main body having a head portion, the head por-
tion having an engagement portion tanned on an end
surface of the head portion; and

an msulation layer which covers the end surface of the head
portion such that the end surface of the head portion 1s
insulated from the surrounding conductive member,
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wherein a circumierential edge portion of the engagement
portion formed on the end surface of the head portion has
a convex portion along a circumierential direction, the
conveXx portion protruding radially outward,

wherein the convex portion has a round shape along the
circumierential direction when seen in a longitudinal
section view,

wherein the fastener main body includes a shatt portion on
an opposite side of the head portion with respect to the
convex portion, and wherein the circumierential edge
portion of the engagement portion has a concave portion
along the circumferential direction, the concave portion
being depressed radially inward and connecting the con-
vex portion and the shaft portion, the concave portion
being located below the convex portion.

10. An aircrait assembly comprising:

a skin constituted of conductive plastic material as a main
element:;

a structural member that supports the skin from inside; and

a fastener that fastens the skin and the structural member,
wherein the fastener 1s the lightning-protection fastener
according to claim 1.

11. The aircrait assembly according to claim 10, wherein a
gap between the lightning-protection fastener and the skin 1s
filled with sealing material.

12. The aircrait assembly according to claim 10, wherein
the msulation layer 1s formed so as to create a gap between an
inner circumierential surface of a hole bored through the skin
and an outer circumierential surface of the msulation layer
that opposes the mner circumierential surface of the hole such
that the mnsulation layer 1s not 1n contact with the skin.

13. The aircrait assembly according to claim 10, wherein a
top surface of the insulation layer and a surface of the skin are
processed to be tlush with each other.

14. An aircrait assembly comprising:

a skin constituted of conductive plastic material as a main
clement; a structural member that supports the skin from
inside; and

the lightning-protection fastener according to claim 9 that
fastens the skin and the structural member.

15. The aircrait assembly according to claim 10, further
comprising a conductive member laminated outside of the
conductive plastic material, wherein plastic material having
an 1sulating property 1s laminated between the conductive
plastic material and the conductive member.

16. An aircrait assembly comprising:

a skin which includes conductive plastic material as a main

element;

a structural member that supports the skin from 1nside; and

a lightning-protection fastener that fastens the skin and the
structural member, wherein the lightming-protection fas-
tener mncludes

a fastener main body having a head portion, the head por-
tion having an engagement portion formed on an outer
circumierential side surface of the head portion, and

an 1nsulation layer which 1s attached to and covers an axial
end surface of the head portion, and which 1s attached to
and covers the engagement portion formed on the outer
circumierential side surface,

wherein a circumierential edge portion of the engagement
portion formed on the outer circumierential side surface
of the head portion has a convex portion along a circum-
ferential direction, the convex portion protruding radi-
ally outward and having a round shape along the circum-
ferential direction when seen 1n a longitudinal section
VIEW,
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wherein a gap between the insulation layer and the skin 1s
filled with sealing material so as to be 1n —direct—
contact with the insulation layer and the skin, the sealing
material being 1n an inverted triangular shape having a
larger width and a larger area toward a surface of the skin
when seen 1n a longitudinal section view such that for-
mation ol a space between the sealing material and the
insulation layer or a space between the sealing material
and the skin 1s prevented,

wherein the fastener main body includes a shatt portion on
an opposite side of the head portion with respect to the
convex portion, and wherein the circumierential edge
portion of the engagement portion has a concave portion
along the circumferential direction, the concave portion
being depressed radially inward and connecting the con-
vex portion and the shait portion, the concave portion
being located below the convex portion.

17. An aircraft assembly comprising:

a skin which includes conductive plastic material as a main
element:;

a structural member that supports the skin from 1nside; and

a lightning-protection fastener that fastens the skin and the
structural member, wherein the lightning-protection fas-
tener mncludes

a fastener main body having a head portion, the head por-
tion having an engagement portion formed on an outer
circumierential side surface of the head portion, and

an isulation layer which covers an axial end surface of the
head portion and which covers the engagement portion
formed on the outer circumferential side surface,

wherein the engagement portion and the axial end surface
of the head portion covered with the insulation layer are
insulated from the skin,

wherein the insulation layer 1s formed so as to create a gap
between an inner circumierential surface of a hole bored
through the skin and an outer circumiferential surface of
the insulation layer that opposes the inner circumieren-
tial surface of the hole such that the insulation layer 1s
not 1n contact with the skin,

wherein a circumierential edge portion of the engagement
portion has a convex portion along a circumierential
direction, the convex portion protruding radially out-
ward, wherein the convex portion has a round shape
along the circumierential direction when seen 1n a lon-
gitudinal section view,

wherein the fastener main body includes a shatt portion on
an opposite side of the head portion with respect to the
convex portion, and wherein the circumierential edge
portion of the engagement portion has a concave portion
along the circumierential direction, the concave portion
being depressed radially inward and connecting the con-
vex portion and the shaft portion, the concave portion
being located below the convex portion.

18. An aircrait assembly comprising:

a skin which includes conductive plastic material as a main
element;

a structural member that supports the skin from 1nside; and

a lightning-protection fastener that fastens the skin and the
structural member,

wherein the lightning-protection fastener includes a fas-
tener main body having a head portion, the head portion
having an engagement portion formed on an outer cir-
cumierential side surface of the head portion, and

an 1nsulation layer which 1s directly melt adhered to and
covers an axial end surface of the head portion and
which 1s also directly melt adhered to, mechanically
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engaged with and covers the engagement portion formed
on the outer circumierential side surface such that the
insulation layer 1s in direct contact with the axial end
surface of the head portion and the engagement portion,

wherein the engagement portion and the axial end surface
of the head portion covered with the insulation layer are
insulated from the skin,

wherein a circumierential edge portion of the engagement
portion has a convex portion along a circumierential
direction, the convex portion protruding radially out-
ward,

wherein the convex portion has a round shape along the
circumierential direction when seen in a longitudinal
section view,

wherein the fastener main body includes a shatt portion on
an opposite side of the head portion with respect to the
convex portion, and wherein the circumierential edge
portion of the engagement portion has a concave portion
along the circumferential direction, the concave portion
being depressed radially inward and connecting the con-
vex portion and the shaft portion, the concave portion
being located below the convex portion.

19. The aircraft assembly according to claim 1, wherein the

insulation layer 1s formed by 1nsert molding.

20. The aircraft assembly according to claim 18, wherein

the msulation layer 1s formed so as to create a gap between an
inner circumierential surface of a hole bored through the skin
and an outer circumierential surface of the msulation layer

t.
t

nat opposes the imnner circumierential surface of the hole such
nat the msulation layer 1s not in contact with the skin.

21. A method of manufacturing a lightning-protection fas-

tener that fastens a skin of an aircraft and a structural member
positioned mside the skin, the skin being constituted of con-
ductive plastic material as a main element and having a con-
ductive member laminated outside thereot, the lightning-pro-
tection fastener having a head portion and a fastener main
body including a shatt portion, said method comprising:

forming an engagement portion on an outer circumieren-
tial side surface of the head portion such that a circum-
ferential edge portion of the engagement portion has a
convex portion along a circumierential direction, the
convex portion protruding radially outward, the convex
portion having a round shape along the circumierential
direction when seen 1n a longitudinal section view, and
such that the circumierential edge portion of the engage-
ment portion has a concave portion along the circumier-
ential direction, the concave portion being depressed
radially inward and connecting the convex portion and
the shaft portion, the concave portion being located
below the convex portion; and

melt adhering an insulation layer directly to an axial end
surface of the head portion so as to cover the axial end

surface of the head portion, and melt adhering the insu-
lation layer directly to the engagement portion formed
on the outer circumierential side surface so as to cover
and be mechanically engaged with the engagement por-
tion, wherein the insulation layer 1s 1n direct contact with
the axial end surface of the head portion and the engage-
ment portion, and

wherein the engagement portion and the axial end surface
of the head portion covered with the insulation layer are
insulated from the surrounding conductive member.
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